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SPECIFICATION 

De^c for measuring component of force and 
moment in plural direct! ns 

This invention relates to a device for measuring 
5 components of force and moment tn plural 
directions, especially to a dwice tor measuring 
such components along and about thrae 
orthogonat axes. The device may be used in a tire 
tester wind tunnel balance, and the like. 
1 0 Various devices and equipments have been 
proposed for measuring an applied force as Its 
components in predetermined plural directions. 
Typical examples of such device aredfedosed In 
the registered Japanese patent No. 775^78 and 
IB the openad Japanese patent qwlflcatlon No. B2- 
t33270 (Patent application No. 51-50625), 
vvhich are cited herein as the references.- As 
shown In these references, the device Is ' 
composed generally of a central hub portion, a 
20 circular rim portion and four radial spoke portions 
connecting the hub and rim portions and having 
suitable strain gauges adhered thereon. When 
one of the hub and rim portions is fixed and a 
force Is applied to the other, various strains will 
25 occur in the spoke portions to change the 
resistances of the respective strain gauges. 
Therefore, If the strain gauges are appropriately 
connected In a circuit the strelria and 
conesponding components offeree can t>e 
30 detected In the directions of the qpokes. 

However, the sudt.prior art devices have such 
disadvantages that It Is very difffcult to measure a 
twisting moment applied to a specific spoke 
portion due to interi«rence of deflections of the 
35 other portions, end that tiie device must become 
much complicated and costiy If one Intends to 
overcome this trouble, as described in more detail 
later. , , 

Accordingly, an object of this Invention Is to 
40 provide an Improved structure of this type of 
me^uring device, which Is simple and easy for 
manufacture and enables measurement of the 
components of force and moment In the 
respective directions Indh^idualhr without 
45 Interference of the other portions. 

In acooidance with tiie Invention there Is 
provided a device for measuring components of 
force and moment In plural directions, comprising 
a central hub portion, a rigid annular rim portion, 
BO four ^ke portions extending radially outwardly 
from said hub portkm in mutually orthogonal 
dfrectiona, four chord portions coupled medially to 
the outer ends of the q?oke portions to extend 
laterally thereof and coupled at tiielr ends to aald 
55 rim portion, said chord portions exhibiting 

substantial flexibility under forces applied thereto 
in the directions of said spoke portions, coupled 
ttiereto, the cross ^tion of each spoke portion 
being rectangular witii on parr of opposed sides 
60 parallel to th exisofthe hub portion, and each 
spoke portion Including a radially Inner section 
adjacent to said hub portion and an outer end 
section having a wldtii between said opposed 
sides substantially less than that of said Inner 


65 section whereby aaW outer end section exhibits 
substantial flexibility under twisting forces applied 
about the radial direction of said spok portion, 
and strain sensing elements mounted on the four 
surfaces of the Inner section of each spoke 
70 portion. During force measurements, one of hub 
and rim portions Is fixed and a force Is applied to 
the otfier. Four spoke portions extend outwards 
from the hub portion to mutually orthogonal radial 
directions and the each spoke portion has a 
75 rectangular crose-section with Its wldtii parallel to 
the radial plena and Its height perpendkxilar to 
the radial plane. A chord member Is coupled 
laterally at Its mWway to the top of the each 
spoke portion and also coupled at the both encte 
80 to the rim portion. The chord member is cteslgned 
to e)*lbit substantial flextblllty with respect to a 
. bending force in the extending direction of the 
corresponding spoke portion. In order to detect 
mechanteal strains appearing In the each spoke 
86 portion, a plurality of mechano-electric transducer 
elements are adhered onto the surfaces of the 
spoke portion. 

According to a feature of tills Invention, the 
each spoke portioR consists of a trunk section 
go adjacam to the hub portion and an end section 
adjacent to the chord member and the vwdth of 
the cross-section of the end section Is 
slgniticantiy lass ttian that of the trunk section so 
that the end section exhibits substantial flexibility 
95 with respect to a twisting force about the 
extending direction of tfie spoke portion. The 
transducer elements are adhered onto the four 
surfiaces of the trunk section. 

A full understanding of the Invention will be 
100 had from the following detailed description gh^en 
with reference to the accompanying drawings. In 
which 

ngura 1 1s a front view representing an - 
example of the prior art devices; 
105 Figure 2 is a sectional view taken along a line 
II — II of Figure 1, representing exaggeratecfly a 
state of defbnmation under a moment about the 
X-exIs; 

Rgure 3 Is a perspective view representing 
1 10 another example of the prior art devices; 
Figure 4 Is a front view representing an 
embodiment of tiie devtee according to tills 
invention; . . ^ . 

Rgure 5 Is a partial front view of the device or 
116 Figure 4 given for an aid of explaining Its 
operation; 

Figures 8 and 7 are partial front and back 
^dews of the device of Rgure 4 representing 
locations of mechano-electrlc tranaJucer 
120 elements adhered to tiie spoke portions tiiereof; 
Figure 8 Is a perspective view representing the 
device of Figure 4; 

Figures 9a through 9f are circuit diagrams 
representing component force and moment 
125 measuring bridges according to this Invention; 

Figure 1 0 Is a front view representing another 
embodiment of the devwe according to this 
Invention: 


2 


GB 2 096 777 A 2 


Throughout the drawings, same reference 
numerals are given to corre^scmdlng structural 
components. 

Atypical example of the prior art devfcea, 
5 which b disclosed In the aforementioned 

Japanese patent No. 775, 978, is shown in Rgure 
1 . As shown In the drawlr^, ft comprises a central 
hub portion 1 , four spoke portions 2, 3, 4 and 6 
extending outwards from the hub portion 1 , a 

1 0 rigid annular rim portion 1 0 and four chord 
members 6, 7, 8 and 9 coupled lateraily to th^ 
midway to the tops of the spdce portions 2, 3, 4 
and 5, respectively, and at«> coupled at the both 
ends to the rf m portion. These portions and 

1 5 members are preferably made in an integrai body. 
Mechano-electrlc transducer elementSr such as 
strain gaugeSr 61 , 62, ... G8 are adhered to the 
both side faces of the spoke portions 1, 3, 4 and 
5, re^ctively, which senses tension and 

20 compressfon applied thereto as a change of 
electric resistance. 

Taking now the X-axis in the extending 
direction of the spokes 2 and 3 and the Y-axIa In 
the direction of the ^)oke8 4 and 5,tiieZ-axis is 

25 perpendicular to the plane of paper, as shown in 
the drawing. When the rim porticMi 10 is fixed and 
a force is applied to the hub portion 1 along the X- 
axis, the spoke portions 2 and 3 are sui]ject to 
tension and oompresston and the spoke portions 

30 4 and 5 are subject to bending, hlowever, the X- 
ward dimension or tiiickness of the chord 
members 6 and 7 is made signrfTcantiy less than 
the Z-^ward dimension or width so that the 
members 6 and 7 are suffteientiy fl^'ble with 

3 5 respect to the X-ward force. Therefore, this force 
applied to the hub portion 1 1s almost sp^ as the 
banding force for the spdce portions 4 and 5 and 
can be seni^d by the strain gauges G5, 66, G7 
and G8. As same as the chord members 6 and 7, 

40 the chord members 8 and 9 have thidcness 
signiflcantiy lesa than wktths and are sufRclently 
flexible In the Y-direction. This results in the 
bending mode of the spoke portions 4 and 5 
approximating to ''cantilever" mode. Similarly, a 

46 force applied to the hub portion 1 along tfie Y-exis 
can be measured by means of the strain gauges 
G1,<j2, G3 end G4. Thus, 'm general, tiie 
components of force In the X and Y directions can 
' be meesursd without Interference of the 

60 components of force In tiieY and X directions, 
respectively, by this prfor art devica 

However, this device may suffer from a 
significant trouble when a moment about the X 
and^or Y axis ia appr»d to the hub portion 1 . l=or 
. 55 example, as ^wn exaggeratedly In Rgure 2, the 
moment Mx about the X-axis will causa twisting 
of the spoke portions 2 and 3, as well as Z-ward 
bending of the ^oke portions 4 and 5. Various 
stress and strains appearing In the spoke portions 

60 Interfere mutually due to ngkiity of th spoke 
portions and it Is substantially impossible to 
measure the moment Afx by the method of 
sensing bending strains as described above. 
Th device of th abovementioned opened 

65 Japanese patent spedfteation No. 62-133270 


was proposed to overcome this trouble. The 
general structure of this device is shown In Rgure 
3. As understood from the drawii^, a number of 
fiexture portions are provided for removing 
70 interference of the twisting force to the bending 
strain to enable measurement of the componeirts 
of moment, as well as the oomponents of force, 
about the three axes X, Y and Z IndivWually by 
means of strain gauges G as shown. However, as 
75 readily anticipated from the drawing, this device 
is so comptteated In structure that it is very 
difficult to manufocture and, therefbre, relatively 
high In cost 

Next, an embodiment of the device according 
80 to this invention will be described with reference 
to the drawings of Rgures 4 through 8. As shown 
In RgufB 4, the device of this Invention comprises 
a central hub portion 23, a rfgkl annular rim 
portion 24, four radial q}oke portions 25, 26, 27 
85 and 28 and four chord members 19, 20, 21 and 
22 coupled respectively at their midways to the 
spoke portions and the botti ends to the rim 
portion, as same as in the prior art of Rgure 1 . 
However, In this Inventive device, the spoke 
90 portions 25, 26, 27 and 28 are con^x)sed of trunk 
sectk}ns 1 1, 12, 13 and 14 and end sections 16, 
16, 17 and 18, respectively^ eiki the each end 
section has a "wkfth" dimensbn less than that of 
the conesponding trunk section, while the both 
95 sections are substantially same In the thickness 
dJmen^n, In the Z direction. The "width" of the 
each end section of spoke portion is sufficiently 
small to make it flexible with respect to the 
twisting force about the extending direction of the 

100 spoke portion. 

As shown more clearly In Rgure 8, the rim 
portion 24 includes four relatively thin base 
portions 24a and four reiatlveiy thksk boss 
portions 246 extending forwards along the Z- 

106 direction. The chord members 1 9, 20, 21 and 22 
are bridged between the respective boss porticms 
246 with some clearance with respect to the base 
portions 24a. Of course, the shape of the rim 
portion 24 of the inventive device may be similar 

110 tothatoftheprforartdevk^eof Rgure 1, as 
shovm In Rgure 1 0. However, it should be 
understood that the structure of Figures 4 and 8 
has an advantage of reduced overall diameter of 
the device over the structure of Rgure 1 0. 

116 As shown In Rgure 5 as an example, when the 
rim portion 24 Is fixed and a force Is applied to the 
hub portion 23, the chord member 1 9 Is liable to 
deflect in the a<ilrection under the X-component 
of force Fx and to twist In tiie direction under 

120 the Z-component of force Fx and the end section 
1 5 of the ^joke portion 25 is liable to twist in the 
y-dlrection under tiie X-component of moment 
Mx, due to tiielr reduced "wWtii" dimensions as 
compared with their thtekness dimenstons, as 

126 previously mentioned. Accordingly, 

measuremsnte of Ar and A6r are subject to almost 
noeffectoftiie rigid trunk sections 11 and 12 of 
the spoke portions 25 and 26. As tills is the case 
in the each quadrant of the device. It Is concluded 

1 30 that the X-components of force and moment Fx 


and MX appear as bending strains In th spoke 
portions 27 and 28, the Y-componcnte Fy and My 
appear as bending strains in the spoke portions 
25and26andtheZ-componentsfrandAfe 
5 appear as bending strains In the all spoke portions 
25 to 28. In order to sense these bending strains 
to measure the components of force and mofnent, 
strain gauges 51 through 82 are adhered to the 
trunk sections of the respective spcrice portions 
10 25, 26, 27 and 28, as ^K>wn In Rgures 6 and 7. 
Although the strain gauges In tills embodiment 
are of the type, such as wire strain gauge or 
semiconductor strain gauge, which senses strains 
of the surface as a change of Its electric 
15 resistance, other type of machano-elec^c 
conveielon elements, such as piezoelectric 
olemmts may be utilized. ^ 

As shown In Flgurea 6 and 7, each of the tour 
surfaces of the trunk section of the each spoke 
20 portion carries two strain gauges arranged 

longitudinally thereon and the each spoke portion 
Includes eight strain gauges In total. These strain 
gauges are connected In separate six bridge 
circuits as shown In Rgunwa 9fl tiirough 9f. The 
25 strain gauges 61 to 66 In the tiiree bridges of 
Rgures 9o, 96 and 9c belong to a first group 
adjacent to the hub portion 23, while the other 
ga uges 67 to 82 In the three bridges of Figures 
9(/, 9s and W belong to a second group remote 
30 ffom tiie hub portioa Although, In tiie following 
descriptfon, the first and second groups are 
shown to be used for measuring the conv««nt8 
of force Fx, Fy and Fz and the components of 
moment Mx, My and Afc respectively, other 
35 connections can be consWered easily by those 
skJBed In the art In the each bridge circuit, a 
constant voltage Is applied across terminals P 
from a vohfig© source B and a voltage change 
acioss Juncltons Q Is measured by a voltmeter M. 
40 A8af6rementioned,.thecomponemofforce«f 
appears as strains In the spoke porttons 28 end 
27, whk*i are caused by co-sense X-ward 
bendlngs of these spoke pwtions and sensedby 
the strain gauges 5 1 . 52. 53 and 54 on the both 
45 side surfaces tfiereof. In this case, the strain 
gauges 51 and 53 exhibit resistance changes 
opposite In polarity to the strain gaugea 52 and 
64, re^jactively. K can be underetood that the 
connection of Figure 9a has been made in 
50 differential mode for obtaining a greate^change 
of voltage acioss the Junctions a SImllariy, the 
component offeree Fy is measurKi by ^^^^ 
the strain gauges 55, 56, 67 end 58 on the Krth 
side surfaces of the spoke portions 26 and Z5 

65 through the bridge circuit of Rgure 9A. The 
component of force f=z appears as strains In the all 
spoke portions, which are caused by co-sense Z- 
ward bending of tiiese spoke portions and, 
therefore, sensed by the strain gauges 59 to 68 

80 on the front and rear surfaces of them, through 
th bridge circuit of Figure 9c. It Is also 
understood tiiat tills bridge is constructed also to 
btain a greatest voltage change at th voltmetar 

66 On the other hand, the component of /noment 


Mx appears as strains In tiie spoke portions 27 
and 28, which are caused by counter-eense Z- 
ward bendlngs of tfiese spoke portions and 
sensed by the strain gauges 67, 68, 69 and 70 on 
70 the front and rear surfaces tfiereof. In this case, 
the strain gaugea 67 and 70 exhibit resistance 
changsa opposite In polarity to the strain gauges 
68 and 69, respectively. Therefore, the bridge 
connection of Figure 9«/ can provide a greatest 
76 voltage change at the voltmeter V, Sln^llarty, the 
component of moment Afy Is measured by means 
of the strain gauges 71,72, 73 and 74 on the 
front and rear surfaces of tite spoke portions 25 
and 26 throu^ the bridge circuit of Figure 9e. 
80 The component of moment Mz appears as strains 
In the cell spoke porttons, whteh are caused by 
counter-sense Y-ward bendlngs of the spoke 
portions 25 and 26 and counter-sense X-ward 
bendlngs of the spoke portions 27 and 28 
85 sensed by ths strain gauges 76 to 82 on tiie bom 
side surfaces of the ail ^oke portions through the 
bridge circuit of Rgure 9/whlch is also 
constructed to provide a greatest voltage change. 
As understood from the above description, 
90 each of the strain gauges Is used oxclushrely for 
measurement of each of the six components «, 
/V. /^i^ % and Af^ but not common to two or 

more components. Moreover, tiiese six 
components are measured re^ectively with the 
95 six separate bridge circuits as shown In Figures 9o 
through 9/. Accordingly, it Is possible to measure 
any two or more components at ths same time 
wltii no Interference of fte other components. 
It should be understood tiiat various 
100 modifications and changes can be made by tho^ 
sknied In the art within the scope of ttiia invention 
as defined In the appended claims. For example, 
the annular rim portion 24 may be square in 
shape, though It iwa been described to be 
105 generally circular* 

Claims _^..ff^^ 
1 . A devfce for measuring components of force 
and moment In plural directions, comprising a 
central hub portion, a rigW annular rim portfon, 
1 10 fbur spoke portions extending radially outwardly 
from saw hub portion In mutually orthogonal 
directions, four choid portions coupled medte^ly to 
the outer ends of the spoke portions to odend 
laterally thereof coupled at their ends to »ki dm 
1 1 5 portion, ^id chord portions exhibiting au^ntJal 
fle»billty under forces applied thereto In the 
directions of saW spoke portions, coupl^ tfweto, 
the cross-section of each spoke portion being 
rectangular with one pair of opposed sWes 
1 20 parallel to the axis of the hub portion, and^ch 
spoke portion Including a radially Inner section 
adjacem to said hub portion and an outer end 
section having a widtii between saki opposed 
»de8 substantially less than that of saW Imwr 
125 section whereby Mid outer end section exhibits 
substantial flexibility under twisting forces applied 
about the radial direction of said spoke portion, 
and strain sensing elements mounted on the four 
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surfaces of the Inner section of each spc^ 
portion. 

2. A device according to Oaim 1 , wherein said 
each spoke portion has eight strain sensing 
5 elements attached to the inner section thereof, 
four of said elements being used for measuring 
the components of linear forces and tfie other four 
of which are used for measuifng the components 
of twisting momenta 

PifcitBd tor Her M8jest/8 Stail<mefy OlBw Inf the Co^ 

25 Southampton BtdldlAoB. UwloaWC2A 1 AY. Itam which capfei mar b»<tol^ ««ni«n«. 
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10 3. A device according to Claim 1 or 2, wherein 
- said hub portion, rim portion, ^olce portions and 
chord portions are Intsgrai parts of a unltory 
member. 

4. A device for measuring components offeree 
1 6 and moment In plural directions, substia ntially as 
herein described with reference to Rgures 4 to 9 
of the accompany&ig drawings. 
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